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PREFACE 

This  eftort   is  a  continuation of   the   Pacific-Sierra  Research 

Corporation   (PSR)   study   of   the   global   effects   of   a   nuclear  exchange. 

In  this   report,   a   classification  theory   for   grouping  similar  cities   if 

developed.      Estimates   of   smoke   production   from  urban  areas   could   thus 

account   for   differences   in  U.S.   cities The   classification  scheme   is 

one part  of   our  urban  area   smoke  production analysis.     Other volumes 

in  this   series   describe   the   structure   of  U.S.   cities,   collocation  of 

target   and urban  areas,   fuel   loadings,   and an  estimate  of  smoke 

produced  by   a  nuclear   strike   against   the   United  States. 
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CONVERSION TABLE 

Conversion factors for U.S. Customary to metric (SI) units of measurement 

MDITIPLY 
TO GET   ^- 

BY   - 

BY^- 

TOGET 
DIVIDE 

an^stroTi 1. 000 000 X E -10 meters (m) 

;ilmi>sph»T(' (normnl) 1 013 25   X E -.2 kilo pascal (kPa) 

l)ar 1 000 000 X E ■» 2 kilo pascal (kPa) 

ham I   000 000 X E  -29 2        2 
meter   (m  ) 

Ilntish thermal una (thermochprniLal) 1   054 3S0 X E ♦ 3 joule (J) 

caloric (Iht'rmochomicall 4   1B4 000 joule (J) 

cal (thcrmochfmu'al)'cm" 4   184 000 X E  -2 2               2 
mega joule/m    (MJ/m ) 

curie 3   700 000 X E ■. 1 •giga becqucrel (GBql 

(iecrcc iaiij;lf) 1   745 329 X E -2 radian (rad) 

dcgri't* Kahrrnheit l, •  (ft *  459 67)/l   8 degree kelvin IK) 

electron volt 1  002 19   X E -19 )OOlc (J) 

ery 1, 000 000 X E  -7 joule (J) 

er^/second 1,000 000 X E  -7 watt (W) 

foot 3  04H 000 X E -1 meter (m) 

foot-pound-force 1.355 818 joule (J) 

ßallon (1   S    liquidi 3   785 412 X E  -3 meter   (ml 

inch 2   540 000 X E  -2 meter (m) 

jerk 1   000 000 X E *9 joule (J) 

jouleAilograiti UA«) (radiation dose 
absorbwij 1   000 000 Gray (Gy) 

kilotons 4   183 terajoulea 

kip 111)00 llifi 4  448 222 X E 43 newton :N) 

kip  inch" (kin 6   894 757 X E *3 kilo pascal (kPa) 

ktap 
1   000 000 X E ■> 2 

newton-second/m 
(N-s/m-j 

micron 1   000 000 X E  -fi meter (ml 

mi! 2 540 000 X E -5 meter (ml 

mile (mternatiunal) 1   609 344 X E »3 meter Im) 

ounce 2  834 952 X E  -2 kilogram (kg) 

pound-Sircc libs awimiupois) 4. 44H 222 newton IN) 

pound-force  men 1.129 S4H X E -1 newton-meter (Nm) 

pound-force/inch 1   751 268 X E 42 newton/meter (N/ml 

pound  force/foot" 4   78« 026 X E  -2 kilo pascal (kPal 

pound-force   inch" ipsu 6   «94 757 kilo pascal IkPa) 

pound-mass ilbm amtrdupoisl 4   535 924 X E  -1 kilogram (kg) 

pound-mass-f,mf imorncnl of mertial 
4   214 011 X E   -2 

kilogram-meler' 
(kgm2) 

pound -mass /fool' 

1   601 «46 X E 4l 

3 
kilogram/meter 

(kg/m3) 

rad (radiation dus.- absorbed) 1   000 000 X E   -2 ••Cray (Gy) 

roent^en 

2   579 760 X E  -4 

coulombAllogram 

(C/kg) 
shake 1   000 000 X E   -8 second Is) 

'lu« 1   459 390 X E  4l kilogram II«) 
torr (mm Ht, o* n 1   333 12    X E  -1 kilo pascal (k-Pa) 

•the bec'iurrel (Hq) is  the SI unit of  radioac 
• •ThoGra«  luv) is th.  SI unit of absorl.ed ra, 

livity; 1 ilq =   1 event's 
liation 

IV 
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SECTION 1 

INTRODUCTION 

Several hundred thousand square kilometers of urban and nonurban 

land could be burned as a result of a nuclear exchange between the 

superpowers.  The nonurban areas would produce only a minimal amount 

of smoke [Small and Bush, 1985]--far   less than the cities [Turco 

et al., 1987].  Wildland fuel loadings are, in general, small (usually 

less than 1 g/cm^) and fire starts are strongly dependent on fuel 

moisture and weather.  That is not so for the urban areas where fuel 

loads can be 1 to 2 orders of magnitude greater.  The combustibles in 

cities are essentially dry, and weather is not a primary variable. 

The composition of a city (size, land use, building densities, 

transportation arteries, open areas, etc.) is, however, important. 

Not all cities ar alike.  A generic model of a city's structure 

or building distribution is not likely to be an accurate repre- 

sentation of all U.S., European, and Soviet cities.  Similarly, a 

single real city is probably a poor model for the set of all U.S. 

cities (Los Angeles is quite unlike Baltimore; Seattle is different 

from Nashville; etc.).  Yet, some cities are seemingly similar.  Such 

cities could be grouped, providing a technical basis for similarity is 

identified. 

Several measures of urban areas describe rank, but do not distin- 

guish urban geographies.  City area, population, and population den- 

sity are such measures.  Although each is relevant in describing an 

urban area, fuel loadings and probable fire vulnerabilities are not 

easily derived from such parameters.  The functional role [Smailes, 

1955]. socioeconomic factors, geographical location, topography, 

climate, and age of a city may be more relevant parameters. 

Zonal [Burgess, 1929] or sector [Hoyt, 1964] city models are 

first-order descriptions of city structure based on function and 

socioeconomic factors.  In each model, a city is divided into 

geographic sections according to general function or usage.  Not all 

cities, however, could be described by either of those models. 
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Nevertheless, a formalized method for estimating combustible loadings 

is s iggested. 

The first nuclear winter studies [Crutzen and Birks  1982; Turco 

et al., 1983; and Crutzen, Galbally, and Bruhl, 1984] used either a 

zonal city model or industrial production statistics to estimate the 

amount of combustible material in Northern Hemisphere urban areas. 

The zonal model recognizes different land uses and fuel densities in a 

crude manner, but is probably not representative of any particular 

contemporary U.S. city [Scargill, 1979] or group of cities.  Fuel 

loadings based on production statistics neglect city geography com- 

pletely and rely on either the urban population or the number of 

buildings.  Crutzen, Galbally, and Bruhl, [1984] compared estimates 

and found substantial (=  250 percent) differences. 

The distribution of combus ibles in an urban area determines 

nearly all the important fire parameters such as burning intensity, 

fire duration, spread, and smoke production.  Otiier factors such as 

scenario, specific emission factors, target location, etc., are also 

important, but can be established independent of the urban geography. 

The distribution of combustibles (fuel loading), however, is closely 

related to the city structure.  High building density city areas could 

support intense, long-burning fires; low building density or open 

areas may support only weak fires.  Each city could be different. 

In this report, we identify characteristics of urban areas that 

influence fire behavior, and develop correlations that distinguish 

groups of cities. The classification of individual cities is based on 

land use (residential, commerlcal, industrial, etc.), which is closely 

related to combustible densities.  U.S. cities are divided into six 

classes.  Estimates of smoke production based on analysis of one or 

more cities from each class systematically account for differences in 

urban geographies.  Such estimates are presented in Vol. 6 of this 

report series.  In this volume, the classification theory is 

developed. 
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SECTION 2 

CITY CLASSIFICATION 

A single generic model of city geography would be a poor basis 

for cnlculaLing fire behavior and estimating smoke production for all 

Northern Hemisphere cities unless it is demonstrated that the model 

represents the mean characteristics of a group of cities.  That has 

not been done.  Thus, even though a particular model may well ap- 

proximate building or fuel-loading distribution in a designated city, 

if used to represent all urban areas, it may significantly overes- 

tima'e or underestimate the amount and density of combustibles.  The 

estimate of smoke {.roduction would b^ at least as uncertain as the 

fuel estimate. 

Urban ^reas are not generally classified or grouped by combus- 

tible distributions.  Although there are a number of variables that 

identify fuel loading differences in cities, those that distinguish 

groups of cities or are proper correlates are not readily apparent. 

Clearly, however, even a simple classification theory can account for 

differences between cities.  For example, a more precise smoke es- 

timate could be made by classifying cities as either industrial or 

nonindustrial.  The fuel loadings differ for the two, and if the 

industrial cities are more heavily targeted, the smoke production 

would be greater.  Even this simple two-category classification more 

appropilately weights scenario and industrial/nonindustrial city 

characteristics than a single generic model. 

In the above example, function was the specific correlate, and we 

assumed that there was a corresponding structural difference in the 

two types of urban geography.  In general, cities with concentrations 

of industry have greater-than-average fuel loadings, but even within 

this single class there may be wide variations.  The older manufactur- 

ing cities in the East and Midwest may, for example, be more dense 

tnan the relatively newer cities of the West.  A classification system 

with more than two categories is needed. 
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Function (i.e., industrial, commercial) implies density, but a 

single category Is evidently not sufficient to group cities, because 

several elements combine to define city structure.  Transportation 

arteries, topography, age, and economic functions (dominant in- 

dustries, commerce, per capita income, etc.) influence city develop- 

ment and use of the land.  Manufacturing, or industry, is one type of 

land use.  Others include housing, commercial areas, streets, parks, 

cemetaries, golf courses, and open areas.  Each of these types of land 

use can be assigned a fuel or combustible loading value; correlation 

of multiple variables is required. 

While it is clear that fuel loading relates to land use, there is 

no apparent correlation of urban land use with the economic, 

demographic, and geographic parameters that could be used to distin- 

guish classes or groups of cities.  There are, however, several data 

sets that identify observable characteristics of U.S. urban aveas. 

Demographic and economic data have been compiled by the Bureau of the 

Census (Goldfield, 1967] and data on urban land use by Manvel 

[1968).  In the following analysis, regressions are developed to 

identify the statistically significant city descriptors related to 

fuel loading.  Natural groupings are indicated by the deviation of 

individual cities from the regressions.  Cities in the same group show 

similar magnitude deviations.  The groupings suggested by the varia- 

tions apparent in the regressions are further developed through an 

analysis of variance of the land use categories. 

Several land use classification systems have been developed. 

Since end users range from local and regional political agencies to 

private organizations there is no unique categorization.  Three class- 

ifications are shown in Table 1.  In each, residential, commercial, 

and industrial areas are distinguished.  The six- and eight-class 

schemes [Manvel, 1968] further identify single- and multiple-family 

residential use; the Land Use for Developed Area (LUDA) scheme [Ander- 

Manvel's compilation is based on a survey of 106 cities with 
populations greater than 100,000 people.  The sample, although 
extensive, is weighted somewhat toward the larger cities (there are 
173 census places with population greater than 100,000 and 965 cities 
with population between 25,000 and 100,000). 
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son  et   al.,    19/6)   defines   two  categories   of   mixed  usage.     The   eight- 

class  breakdown   includes  categories   for  educational   facilities   and 

transportation.        (Educational   facilities   are   considered  commercial   in 

the  other  classifications.)     The  LUDA  scheme  classifies   public   or 

semipublic   (parks,   cemetaries,   golf   courses,   etc.)   areas  as either 

commercial   or  other.     Street  area   is  not   a   LUDA  category.     Each  class- 

ification  descrihes   major  urban divisions   that   could correlate  with 

combustible   loadings.     Statistics   for   the   six-class   groupings   are 

presented   In   the  main body  of   this   report;   results  based  on  the  eight- 

class   and   LUDA breakdowns   are  presented   in   the   appendix. 

The   correlation  coefficients^   listed   in Table  2   (and  in  the 

appendix)   indicate   the  directness  of  the   relationship  between 

demographic   and economic  parameters   and  the   types  of  land use   for  each 

classification  scheme  shown   in Table   1.     The   coefficients   identify  the 

principal  urban descriptors.     For  example,   measures  of   rank such  as 

population  or  unincorporated  area  correlate  poorly   (r  -  0.5)   with  land 

use.     The   number  of   families,   however,   shows   a   strong   correlation 

(r = 0.9)   with most   categories of urban  land use.     Similarly,   employ- 

ment,   the  number  of housing  units,   and  to  a  lesser  extent,   the   total 

urban  or  developed  area correlate  well with   the   land use  classes. 

Although population  is   apparently a  poor  correlate,   deviations 

from  the   regression  curves   suggest   that within  a  population group,   the 

correlations  might   improve.     Large  metropolitan  areas,   for example, 

may be   similar;   cities with  population   (say)   between  100,000  to 

250,000 may be  alike.     The   regressions  also  seem  to   indicate  a 

geographic  bias  or  grouping of cities by  region,   roughly consistent 

with variations   in  economic   activity.     The   first  uses   a   type  of  rank 

as  a  correlate;   the   second uses  location.     To   test   the   first 

hypothesis,   four population  classes   are  defined.     Although the  cor- 

relations  were  weak,   some   trends were  apparent.     The   fraction  of 

built-up  area  devoted  to  single-family  residences  showed no sig- 

For   the  correlation  coefficient  r,   the  quantity   I  -  t^   represents 
the   fraction  of   the   error   in  one   regression  variable   that  can  be 
attributed  to errors   in the  other.     Thus,   values  of r near  1   indicate 
strong correlation,   and  those near  zero   imply weak correlation. 

■ um im urn Lnt vrarvj^i w irwuvmnM^W 
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Table   2.      Correlation  coefficients   lor   six-class  breakdown  versus   census   data, 

Six-Class Area  Breakdown 

Single-    Multiple- 
Census  Data Family Family     Commercial   Industrial  Street     Public 

0.63 0.65 0.66 

0.87 0.95 0.55 

0.60 0.86 0.59 

0.83 0.90 0.20 

0.80 0.87 0.17 

0.82 0.89 0.20 

Incorporated area 0. 72             0,45              0.59 

Urban areaa 0.99             0.90              0.92 

Population 0.43             0.64              0.73 

Families 0.91             0.91              0.83 

Housing units 0.89             0.90              0.80 

Employment 0.91             0.91              0.83 

Retail   firms 0.83 

Retail  employment 0.84 

Wholesale   firms 0.84 

Wholesale   employment 0.85 

Service   firms 0.82 

Service  employment 0.83 

Commercial   firms 0.84 

Commercial  employment 0.85 

Manufacturing  firms 0.76 

Manufacturing employment 0.73 

Production workers 0.74 

City  government  employment 0.24 

Multiple-family  units 0.79 

aEqual   to   sum  of   land areas  for   the  six  classes. 
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niflcant variation, but. the area devoted to mul L 1 pie-1 ami 1 y resiliences 

decreased with size for each class.  Surprisingly, the industrialized 

fraction of urban areas varied Inversely with the population classes. 

The geographic pattern apparent in the regressions suggested that both 

time and region of settlement during the growth of the U.S. strongly 

influenced the land use characteristics of cities.  Age is thus a 

1ikely correlate . 

The century in which a major city was founded (Northam, l9Ti] 

turns out to be a markedly better method (than population rank) of 

categorizing cities.  It accounts for the age of a city and roughly 

indicates a geographic bias similar to that observed in the regres- 

sions of demographic and land use data.  Figure 1 shows the regions of 

development by century of foundation for U.S. cities (in the con- 

tiguous 48 states) with populations over 100,000 in 1970.  Early 

development was mainly in the coastal areas.  Cities in inland areas 

developed first along the major rivers, then along rail lines, and 

finally along major highways. 

The differences in land use based on the century in which a city 

was founded are shown in Fig. 2.  Large changes in fractional land 

area are indicated for multiple-family housing (Fig. 2b) and industry 

(Fig. 2d), although the largest statistically significant changes 

(based on an analysis of variance) are in the fractional land area 

used for single-family housing (Fig. 2a) and streets (Fig. 2e).  The 

importance of city age is demonstrated in Fig. 3.  Newer c'.ties have 

developed somewhat less than half their incorporated areas; older 

cities, particularly those formed in the seventeenth and eighteenth 

centuries utilize most of their incorporated areas.  This implies 

higher densities in the older cities. 

In distinguishing city structure or land use by century of foun- 

dation, a regional similarity in groups of cities is apparent (cf. 

Figs. 1 and 2).  The resolution is limited, however, since century 

rather than a geographical parameter is the principal correlate. 

Nevertheless, the basis for a more precise division is established. 

Using economic data [Goldfield, 1967; Bureau of the Census, 1983] 
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a. Single family 

40 

b. Multiple family. 

18        19 
Century 

18        19 
Century 

20 

c. Commercial. d. Industrial. 

18        19 

Century 

e. Street. 

17 18        19 
Century 

20 

Not«:  Error ban represent on« standard deviation. 

18 19 
Century 

f. Public, semipublic. 

18 19 
Century 

Figure 2.    Land use fractional areas for cities founded in different centuries. 
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18 19 

Century 

Not«: Error ban r*pr«Mnt on« standard deviation. 

Figure 3.    Ratio of incorporated to developed or built-up area as 
function of age. 
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ill   rnlllli i IM I i nil   with    I' i )'. .     I,    ■)    liniM'    li.itur.ll     I if, i oll.l I    li I'tvikdnwi i    Is 

.ippal cut  . 

Stall'  IHIIIIKI.II I is   .11«'  ohvidus   ifj'.ion dl vidi-rs,   vet   citv   j'.ioups 

de vc I oped  usiti)',  Midi   dcm.nr.it ions   do   not   cxhlliit    s 1 f'.n 1 I 1 c.int    variation 

in   I lie   land  use   r 1 as.scfi ;   I lie   f.roup i iif.s   arc   not   st at i st I ci 1 1 v 

distiiKi .     Addlnj', or  dflciin^   stntt-s   from  (lie   regions  doer,   not   greatly 

impiovc   the  distinction   indicitcd  by   the  century  of   foundation 

c I ass i f i rat i on .     The   political    (.state)   lines   are   somewhat   arbitrary 

and   do   not   necessaiilv   reflect    demographic   and  economic   trends   such   as 

the   location  and  si;:«'   of   different    industrial   centers   and   the   develop- 

ment   of   cities  along  transportation   arteries. 

Beginning, with   the  basic-   separation   indicated by   the  century  of 

foundation  categorization   and  demographic   data,   regional   boundaries 

were   developed  such   that   distinguished   sets   or  groups   of   cities   were 

formed.      Some  divisions   are   natural--on   the  West   Coast,   cities   in 

Northern  California   are   more   similar   to   those   in   the   Pacific   Northwest 

than to  those  in Southern California,  which forms a separate and 

distinct    region.     Although   It   Is   the   smallest  of   the  six  geographical 

regions,    it   contains   the   major   economic   concentrations   and  population 

centers   of   the  western  U.S.     The  boundary between  the   region  contain- 

ing   the   Industrial   centers   In   the   Midwest   and Ohio  Valley   (northern 

group)   and  the  cities  of   the   northeastern corridor  splits   Pennsylvania 

and Virginia;   Pittsburgh   is   in   the   northern group,   Philadelphia   in  the 

northeastern  group.     Such  division  more  properly   recognizes   economic 

roles  and  thus  a  city's   fuel-loading  characteristics   than a  political 

boundary.     The  southern  regional  boundary  splits  Missouri,   Kentucky, 

Virginia,   and West  Virginia   in  the   north and Arkansas  and a   small   part 

of Texas   in  the  west.     The   southwestern  region extends   to  California 

in  the  west  and splits   Idaho,   Wyoming,   and Nebraska  in  the  north. 

The   six-class   land use  breakdown  applied  to  each  of  the 

geographic   regions   is   shown   in  Fig.   4.     In  the  appendix,   similar 

results   are  shown  for   the   LUDA  and  eight-class breakdowns.     The   region 

boundaries   are   shown   in  Fig.   5.     With   the   exception  of  public   and 

setnipublic   land use,   there  are   significant   regional  differences   in all 

land use   categories.     Land use  distinctions between  the   regions,   but 

12 
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Figure 4. Land use fractional areas for cities in classification 
groups (six land use classes). 
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slmil.nltv within the i'f)', ions , implirs V/IIUCH tor (■OHIIIMHI It) I c den- 

sili»'s nMl(|uc to cull )',ioiip o) cilics. 

Cities in thr Noil hf.ist (NK; have a not leciibl v siii.iilfi frai'tion 

of (Icvc 1 oped ana devot'd to s i nj', 1 <• -1 am i 1 v hnusin}.',, and a laif.fr tiian 

average I i ac I Ion devnird to mu 1 t i p i •• - ( am i 1 v housing,.  Tills Implies 

hlp.lKT than avtraf.c populaiioii and huildlnj', densities; such trends are 

cons 1 s'ent with t h<- af'e aii<l development period of those cities. 

Both the Northcasl and West (W) liave inul t 1 p 1 e-f ami 1 v proportions 

more than a factor of .'   greater than other regional averages.  The 

Northeast , South (S) and West show similarities In commercial land 

vise.  Also notable is the intense industrial land use in the North (N) 

(see Fi^',. 4d).  Much of the U.S. industrial capacity is In that 

region, and the cities have higher than average numbers of factories 

or industrial floor space.  Such differences Influence the fuel 

loadings.  There is a high land use fraction dedicated to streets In 

the Northwest (NW) (see Fig. ''»e); use in this category is nearly 

constant across the other regions. 

Similar statistics were developed for the eight-class and LUDA 

land use breakdowns (shown in the appendix) .  The trends apparent In 

the six-class scheme are repeated In the eight-class breakdown, with 

the exception of the amount of developed area devoted to transporta- 

tion facilities.  Significant differences between the West and 

Northwest and the other regions are obtained for this land use. 

Regional differences are less pronounced In the LUDA categorization, 

which uses a single classification of residential land use rather than 

dividing that usage into high (multiple-family) and low (single- 

family) density categories.  The use of mixed categories (LUDA 16 and 

LUDA 17) smooth the differences in variance apparent with six- and 

eight-class land use breakdowns.  An analysis based on per capita land 

area rather than land use Is also presented in the appendix.  The 

results show that the classification based on land use better repre- 

sents economic function and city characteristics than a per capita 

analysis. 

Table 3 summarizes the mean values for each of the six-class land 

use categories by geographic region (see Fig. 5).  Although each group 

u 



Figure 5.    Regional classification of U.S. cities (contiguous 
48 states). 

Table 3.  Mean values of land use for six-class breakdown by region. 

Use Category, Per 
Developed Area 

Geographic Region (mean value Ln percent) 
W K   NW     S>7     N     S     NE 

Single-family area 

Multiple-family area 

Commercial area 

Industrial area 

Street area 

Semipublic area 

37.^ 38.9 35 6 35.0 40.3 26.4 

9.25 2.69 2 71 4.74 3.66 10.01 

6.08 4.73 5 17 5.17 7.09 7.87 

5.93 4.80 6 09 12.00 5.92 9.14 

22.9 33.8 24 7 25.0 24.0 21.2 

18.4 15.1 25 7 18.1 19.0 25.3 
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Is  (list inct,   there   are   relatively   small   deviations   from  (he   p,raiul mean 

in   "everal   of    the   categories.     This   reflects   the   relative   henirfigetiei t y 

in   the  U.S.   standartl  of   liviii)',.     There   are,   however,   statistically 

significant   differences   in  the   fraction   of   multiple-family   and   in- 

dustrial    land  use.     This   implies   variation   in   combust ihle   densities 

[Smal 1   el   al . ,    198/,   Anno  et    al . ,    \'>H/ | . 

Finally,   correlation coefficients   were   calculated   lor   each   land 

use   category   ag.' inst   the  demographic   and   economic   parameters   used   in 

Table   '?.      Separate   regressions  were   performed   for  each   region.     The 

results   (listed   In  Table  U)   show   significant    improvement    in   the  cor- 

relations   Cor   most   parameters.     The   regression   of  single-family  area 

and population  shown   in Table  4   is   typical.     For  the  country  as a 

whole,   the   correlation   is   rather  weak   (r   -   O.Wi),   but   when   the  country 

is  divided   into  geographic  regions   (in   Fig.   b)   most   coefficients  are 

around  0.9.      The   classification  of  U.S.   cities   by   region  using   land 

use   as  a  correlate   Indicative  of   fuel   loading  thus   seems  consistent 

with most   measures  of  city characteristics. 

16 



T.ihlc  h.     Hi'f.icss i on cocf f i c i fiit s  for  six-class  area breakdown. 

Cor re lau NW 
Geographic Region 
SW   N    S    NE All 

Single-Family Area 

Incorporatfd area O.'M) 0.98 0.96 0 .88 0.73 0 .96 0.76 
Developed area 1 .00 1.00 0.98 0 .86 0.96 0 .88 0.99 
I'opul at ton 0.98 1 .00 0.99 0 .85 0.69 (/ .92 0.43 
Kami 1ies 1 .00 1 .00 0.95 0 ./I 0.52 0 .30 0.92 
lloos i up, uni t s 0.97 1.00 0.94 0 .73 0.41 0 .29 0.90 
Single-fami 1v uni t s 0.99 1 .00 0.97 0 .81 0.74 0 .88 0.97 
Employment 1 .00 1.00 0.95 0 .73 0.55 0 .22 0.92 

Multiple- Family Area 

Incorporated area 0.82 0.98 0.08 0 81 0.45 0 13 0.51 
Developed area 1 .00 1.00 0.77 0 92 0.93 0 .67 0.90 
Popnlat ion 0.98 1.00 0.20 0 85 0.25 0 50 0.64 
Families 1.00 1.00 0.83 0 83 0.46 0 84 0.91 
Housing units 0.96 1.00 0.84 0 81 0.36 0 84 0.90 
Mull iple-family units 0.88 1.00 0.71 0 73 -.01 G 74 0.79 
Employment 1.00 1.00 0.81 0 82 0.49 0 78 0.91 

Commercial Area 

Incorporated area 0.89 0.99 0.89 0 91 0.50 0 89 0.66 
Developed area 1.00 1.00 0.93 0 73 0.91 0 87 0.92 
Population 0.97 1.00 0.91 0 93 0.54 0 93 0.73 
Families 0.99 1.00 0.90 0 55 0.46 0 49 0.83 
Housing units 0.95 1.00 0.88 0 56 0.39 0 48 0.80 
Employment 0.99 1.00 0.91 0 56 0.48 0 38 0.83 
Retail firms 0.99 1.00 0.92 0 53 0.42 0 64 0.83 
Retail employment 0.99 1.00 0.91 0 59 0.46 0 71 0.84 
Wholesale firms 0.99 1.00 0.91 0 63 0.45 0 28 0.84 
Wholesale employment 0.99 1.00 0.92 0 61 0.60 0 23 0.85 
Service firms 0.99 1.00 0.87 0 60 0.31 0 36 0.82 
Service employment 0.99 1.00 0.91 0 58 0.28 0 21 0.83 
Commercial firms 0.99 1.00 0.91 0 58 0.39 0 54 0.84 
Commercial employment; 0.99 1.00 0.92 0 60 0.47 0 53 0.85 
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Table   4.     Regression  coefficients   for   six-class   area  breakdown 
(Cone Incied) . 

Geo graphic Region 
Correlate W NW SW N S NE All 

Industr 

0.91 

ial Area 

Incorporated area 0.88 0.74 0.70 0.52 0.88 0.70 
Developed area 0.99 0.79 0.81 0.46 0.78 0.86 0.87 
Population 0.93 0.80 0.79 0.67 0.91 0.82 0.60 
Families 0.98 0.79 0.88 0.33 0.87 0.51 0.83 
Housing units 0.97 0.78 0.88 0.31 0.80 0.52 0.81 
Employment 0.98 0.79 0.85 0.32 0.84 0.41 0.82 
Manufacturing firms 0.98 0.87 0.82 0.26 0.45 0.16 0.77 
Manufacturing employment 0.97 0.87 0.78 0.36 0.88 0.31 0.74 
Production workers 0.98 0.89 0.80 0.35 0.87 0.32 0.7 5 

Street Area 

Incorporated area 0.99 0.99 0.94 0.96 0.83 0.98 0.73 
Developed area 0.99 1.00 0.97 0.93 0.73 0.92 0.95 
Population 0.97 1.00 0.98 0.96 0.84 1.00 0.86 
Families 0.98 1.00 0.94 0.86 0.96 0.75 0.90 
Housing units 0.96 1.00 0.93 0.87 0.92 0.74 0.87 
Employment 0.98 1.00 0.95 0.87 0.94 0.66 0.89 

Semipub lie Area 

Incorporated area 0.62 0.96 0.90 0.85 0.14 1.00 0.54 
Developed area 0.79 0.99 0.89 0.59 0.95 0.83 0.55 
Population 0.27 0.99 0.80 0.81 0.62 0.99 0.73 
Families 0.79 0.99 0.77 0.34 0.47 0.49 0.37 
Housing units 0.82 0.99 0.74 0.35 0.37 0.49 0.33 
Employment 0.79 0.99 0.72 0.34 0.46 0.43 0.35 
City government employment 0.77 0.95 0.61 0.38 0.87 0.63 0.38 

Sum of Develope d Land Use Areas 

Incorporated area 0.99 0.99 0.94 0.97 0.85 0.99 0.94 

18 
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SECTION 5 

CONCLUSIONS 

We have demonstrated that large (population >!()(),()()()) U.S. rities 

most naturally tall into six geographic categories when classified 

according to developed-area land use.  The classification recognizes 

and accounts for the demographic and economic patterns that distin- 

guish urban are.is .  Since land use is the principal correlate and is 

directly related to building distributions, each group of cities has a 

distinctive combustible mix and loading.  Densities vary signifi- 

cant ly--as much as 250 percent--between the city groups. Based on the 

city classification scheme, estimates of smoke production can be 

obtained that systematically account for differences in urban geog- 

raphy . 
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APPENDIX 

STATISTICS   BASED  ON   EIGHT-CLASS  AND  LUDA   LAND  USE  CATEGORIES 

The   results  presented   in Sec.   2  were   developed   from calculations 

based  on   the   six-category   land use   breakdown.      Statistics were   also 

developed  for  eight-class  and LUDA   land use   breakdowns.     The  six-class 

breakdown  provided   the   most   relevant   information.      Correlations   of 

demographic  data  with   the  eight-class  and  LUDA  categories  are 

presented   in  Tables   rj   and   6.     The   results   of   analyses   by  geographic 

region  are  shown   in  Figs.   6  and  /.     Regression coefficients by  region 

are  given  for  both   land use breakdowns   in Tables   7   and 8. 

An  alternative  analysis based  on per  capita   land  area  rather   than 

land use   as  a   fraction  of  developed area was  explored  since  land use 

should  in principle  correlate with  population.     Although population 

rank   (see Table   2)   was   in general  a poor  correlate   (see p.   6),   it 

proved to be  a better  correlate  for comparisons within each of  the  six 

regions.     The   results  are  presented  in Fig.   8.     The   difference   in 

population density  among cities  in  the  same   region caused the variance 

within each  land use  category  to be  large--much  larger  than shown  in 

Fig.   '3.     Fractional   land use,  which  is  related  to  function or prin- 

cipal  economic  activity,   more properly classifies  city characteristics 

than per  capita  land u^e.     This  is  consistent with Table  1. 
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Table 6.  CoL'relation coefficients for LUDA area classes 
versus census data. 

Census Data 

LUDA Classification3 

11   12   13    14    16 17 

Incorporated area 

Urban area3 

Population 

Families 

Housing units 

Employment 

Retail   firms 

Retail   employment 

Wholesale   firms 

Wholesale  employment 

Service   firms 

Service  employment 

Commercial  firms 

Commercial  employment 

Manufacturing  firms 

Manufacturing employment 

Production workers 

City government  employment 

Multiple-family  units 

0.70 0.64 0.57 0.42 0.62 0.48 

0.97 0.91 0.86 0.50 0.44 0.62 

0.54 0.80 0.82 0.52 0.28 0.86 

0.95 0.82 0.79 0.32 0.09 0.40 

0.93 0.79 0.77 0.27 0.07 0.37 

0.95 0.81 0.78 0.31 0.10 0.40 

0.82 

0.84 

0.83 

0.85 

0.81 

0.82 

0.83 

0.85 

0 71 

0 70 

0 71 

0.29 

'Equal to sum of LUDA land area classes. 
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a. Single family. 

W     NW    SW       N      S 

Geographic region 

b. Multiple family. 
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Not«: Error ban mpnmnt on« (tandard daviation. 

Figure 6.    Land use fractional  areas for cities in different geographic 
regions (eight land use classes). 
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e. Educational. f. Transportation. 
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Figure 6.    Land use fractional areas for cities in different geographic 
regions (eight land use classes) (Concluded). 

27 



^ U R t* M v w v ■ 

a. Residential (LUDA 11). b. Commercial and services (LUDA 12). 

W     NW    SW       N     S 

Geographic region 

c. Industrial (LUDA 13). 

NE 

NW    SW      N     S 

Geographic region 

W     NW    SW       N      S 

Geographic region 

NE 

I 
d. Transportation, communications, and 

utilities (LUDA 14). 

10 
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Geographic region 
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e. Mixedurban (LUDA 16). f. Other (LUDA 17). 
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Geographic region 
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Not«:  Error ban nptmmtt on» fUndard deviation. 
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NE 

Figure 7.    Land use fractional areas for cities in different geographic 
regions (LUDA land use classes). 
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Table 7.    Regression coefficients for eight-class area breakdown. 

Geographic Region 
Correlate W NW SW N S NE All 

Single-Family Area 

Incorporated area 0.90 0.98 0.96 0.88 0.73 0.96 0.76 
Developed area 1 .00 1 .00 0.97 0.86 0.90 0.86 0.99 
Population 0.98 1.00 0.99 0.85 0.69 0.92 0.43 
Families 1.00 1 .00 0.95 0.71 0.52 0.30 0.92 
Housing units 0.97 1.00 0.9^ 0.73 0.41 0.29 0.90 
Single-family units 0.99 1 .00 0.97 0.81 0.74 0.88 0.97 
Employment 1.00 1.00 0.95 0.73 0.55 0.22 0.92 

Multiple- Family Area 

Incorporated area 0.8^ 0.99 0.59 0.89 0.07 0.37 0.42 
Developed area 0.99 1 .00 0.77 0.86 0.86 0.72 0.89 
Population 0.96 1.00 0.65 0.93 0.64 0.85 0.79 
Families 1.00 1 .00 0.87 0.84 0.53 0.81 0.92 
Housing units 0.96 1.00 0.88 0.83 0.43 0.82 0.90 
Multiple-family units 0.88 1.00 0.75 0.71* 0.08 0.72 0.79 
Employment 1.00 1.00 0.85 0.83 0.56 0.75 0.92 

Commercial Area 

Incorporated area 0.89 0.99 0.89 0.91 0.50 0.89 0.66 
Developed area 1 .00 1.00 0.9^ 0.69 0.91 0.86 0.91 
Population 0.97 1.00 0.91 0.93 0.54 0.93 0.73 
Families 0.99 1.00 0.90 0.55 0.46 0.49 0.83 
Housing units 0.95 1.00 0.88 0.56 0.39 0.48 0.80 
Employment 0.99 1.00 0.91 0.56 0.48 0.38 0.83 
Retail firms 0.99 1.00 0.92 0.53 0.42 0.64 0.83 
Retail employment 0.99 1.00 0.91 0.59 0.46 0.71 0.84 
Wholesale firms 0.99 1.00 0.91 0.63 0.45 0.28 0.84 
Wholesale employment 0.99 1.00 0.92 0.61 0.60 0.23 0.85 
Service firms 0.99 1.00 0.87 0.60 0.31 0.36 0.82 
Service employment 0.99 1.00 0.91 0.58 0.28 0.21 0.83 
Commercial firms 0.99 1.00 0.91 0.58 0.39 0.54 0.84 
Commercial employment 0.99 1.00 0.92 0.60 0.47 0.53 0.85 

Industrial Area 

Incorporated area 0.91 0.88 0.74 0.70 0.52 0.88 0.70 
Developed area 0.99 0.81 0.81 0.54 0.79 0.87 0.87 
Population 0.93 0.80 0.79 0.67 0.91 0.82 0.60 
Families 0.98 0.79 0.88 0.33 0.87 0.51 0.83 
Housing units 0.97 0.78 0.88 0.31 0.80 0.52 0.81 
Employment 0.98 0.79 0.85 0.32 0.84 0.41 0.82 
Manufacturing firms 0.98 0.87 0.82 0.26 0.45 0.16 0.77 
Manufacturing employment 0.97 0.87 0.78 0.36 0.88 0.31 0.74 
Production workers 0.98 0.89 0.80 0.35 0.87 0.32 0.75 
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Table 7.  Regression coefficients for eight-class area breakdown 
(Concluded), 

Geographic Region 
Correlate W    NW   SW   N    S   NE   All 

Transportation Area 

Incorporated area 0.76 -0.37 0.3^ 0.71 0.78 0.77 0.5^ 
Developed area 0.74 -0.50 0.50 0.71 0.81 0.41 0.42 
Population 0.68 -0.52 0.48 0.71 0.59 0.77 0.52 
Families 0.73 -0.53 0.63 0.44 0.25 0.75 0.32 
Housing units 0.72 -0.54 0.63 0.44 0.14 0.75 0.27 
Employment 0.73 -0.52 0.62 0.44 0.20 0.76 0.31 

Educational Area 

Incorporated area 0.95 1.00 0.68 0.71 0.84 0.43 0.73 
Developed area 0.95 1.00 0.68 0.23 0.90 0.32 0.88 

Population 0.79 1 .00 0.62 0.80 0.62 0.63 0.69 
Families 0.95 1.00 0.58 0.23 0.74 0.62 0.78 
Housing unitd 0.90 1 .00 0.55 0.28 0.65 0.63 0.76 
Employment 0.95 1.00 0.59 0.28 0.68 0.66 0.78 

Street Area 

Incorporated area 0.99 0.99 0.94 0.96 0.83 0.98 0.73 
Developed area 0.99 1 .00 0.92 0.93 0,77 0.93 0.94 
Population 0.97 1.00 0.98 0.96 0.84 1.00 0.86 
Families 0.98 1 .00 0.94 0.86 0.96 0.75 0.90 
Housing units 0.96 1.00 0.93 0.87 0.92 0.74 0.87 
Employment 0.98 1 .00 0.95 0.87 0.94 0.66 0.89 

Semipublic Area 

Incorporated area 0.56 0.98 0.83 0.80 0.12 0,97 0.50 
Developed area 0.53 1.00 0.76 0.48 0.72 0.86 0.46 
Population 0.20 1 .00 0.62 0.71 0.53 0,99 0.73 
Families 0.70 1.00 0.66 0.27 0.51 0.37 0.29 
Housing units 0.76 1 .00 0.63 0.28 0.40 0,35 0.26 
Employment 0,70 1.00 0.61 0.27 0,51 0.28 0.28 
City government employment 0.68 0,97 0.49 0.28 0,86 0.43 0,29 

Sum of Developed Land Use Areas 

Incorporated area 0,99 0.99 0.95 0.97 0.86 0.99 0.94 
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Table   8.     Rejgrpssloii roeffloients   for   l.UDA  ,iic,i  breakdown, 

Coi if 1 at 

Incorporated area 

NW 
Geographic Region 

SW    N    S NK   All 

Urban Area (No. 1) 

0,9}  1.00 0.93  0.98 0.8/  0.98 0.93 

Residential Area (No. 11) 

Incorporated area 0.86 0.98 0.93 0.97 0.79 0.99 0.76 
Urban area 0.99 1 .00 0.9S 0.98 0.98 0.9 5 0.9 7 
Populat ion 0.9 7 1.00 0.99 0.94 0.65 0.98 0.54 
Fam i11e s 1 .00 1.00 0.96 0.84 0.70 0.60 0.95 
Housing units 0.97 1.00 0.95 0.85 0.60 0.59 0.93 
Employment 1.00 1.00 0.96 0.85 0.72 0.51 0.95 

Commercial and Service Area (No. 12) 

Incorporated area 0.91 0.98 0.82 0.91 0.65 0.88 0.70 
Urban area 0.99 1.00 0.89 0.96 0.94 0.78 0.91 
Population 0.96 1.00 0.80 0.92 0.72 0.96 0.80 
Families 0.97 1.00 0.84 0.66 0.63 0.55 0.82 
Housing units 0.94 1.00 0.82 0.68 0.56 0.55 0.79 
Employment 0.97 1.00 0.85 0.67 0.62 0.47 0.81 
Retail firms 0.97 1.00 0.86 0.65 0.53 0.70 0.82 
Retail employment 0.97 1.00 0.86 0.69 0.60 0.73 0.84 
Wholesale firms 0.97 1.00 0.87 0.75 0.54 0.41 0.83 
Wholesale employment 0.98 1.00 0.88 0.74 0.69 0.36 0.85 
Service firms 0.97 1.00 0.82 0.72 0.41 0.45 0.81 
Service employment 0.97 1.00 0.86 0.71 0.39 0.32 0.82 
Commercial firms 0.97 1.00 0.85 0.70 0.50 0.63 0.83 
Commercial employment 0.97 1.00 0.87 0.72 0.58 0.62 0.85 

Industrial Area (No. 13) 

Incorporated area 0.89 0.83 0.74 0.67 0.37 0.95 0.65 
Urban area 0.99 1.00 0.81 0.73 0.69 0.88 0.86 
Population 0.94 0.73 0.79 0.65 0.85 0.92 0.82 
Families 0.97 0.72 0.87 0.40 0.91 0.57 0.79 
Housing units 0.97 0.71 0.87 0.38 0.86 0.57 0.77 
Employment 0.97 0.73 0.84 0.38 0.87 0.47 0.78 
Manufacturing Firms 0.96 0.81 0.81 0.31 0.44 0.22 0.71 
Manufacturing employment 0.96 0.82 0.77 0.40 0.79 0.35 0.70 
Production workers 0.97 0.84 0.79 0.40 0.78 0.36 0.71 
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Table 8.  Regression coefficients for LUDA area breakdown (Concluded) 

Geographic Region 
Correlate W    NW    SW   N     S    NE  All 

Transportation, Communication, and Utility Area (No. 14) 

Incorporated area 
Urban area 
Population 
Familles 
Housing units 
Employment 

Mixed Urban Area (No. 16) 

Incorporated area 
Population 
Families 
Housing units 
Employment 

0, ,76 -0, ,37 0.34 0.71 0.78 0, ,77 0.54 
0, ,74 -0, ,36 0.55 0.84 0.85 0, ,38 0.50 
0, ,68 -0, ,52 0.48 0.71 0.59 0, ,77 0.52 
0, ,/3 -0, ,53 0.63 0.44 0.25 0, ,75 0.32 
0, .72 -0, ,54 0.63 0.44 0.14 0, ,75 0.27 
0, ,73 -0. ,52 0.62 0.44 0.20 0. ,76 0.31 

0 .52 0.98 0.59 0.70 0.06 0.95 0.46 
0, ,15 1.00 0.60 0.58 0.50 0.93 0.44 
0, ,56 1.00 0.60 0.07 0.37 0.44 0.22 
0, .59 1.00 0.58 0.08 0.27 0.42 0.19 
0, ,56 1.00 0.57 0.07 0.37 0.37 0.21 

Open and Other Area (No. 17) 

Incorporated area 
Urban area 
Population 
Families 
Housing units 
Employment 
City government  employment      0.85    1.00     0.48     0.90    0.69    0.33    0.30 

0.85 1.00 0.84 0.91 0.36 0.98 0.48 
0.63 1.00 0.74 0.93 0.73 0.65 0.62 
0.61 1.00 0.64 0.92 0.74 1.00 0.87 
0.86 1.00 0.67 0.91 0.86 0.39 0.42 
0.90 1.00 0.64 0.91 0.81 0.40 0.39 
0.86 1.00 0.62 0.90 0.78 0.36 0.41 
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a. Incorporated b. Developed. 

0) 

W     NW     SW       N      S      NE 
Geographic region 

c. Single family 

0) 

W     NW    SW      N      S      NE 

Geographic region 

W     NW    SW       N      S      NE 
Geographic region 

d. Multiple family. 

W     NW    SW      N     S 

Geographic region 

Not9> Error bsn rvpnwtnt on# stMMterd davtotion. 

Figure 8.    Per capita land use for cities in classification groups. 
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e. Commercial. f. Industrial. 

41 

W     NW    SW       N      S      NE 

G iographic region 

0) 

W     NW    SW       N      S      NE 

Geographic region 

g. Street. h. Public, semipublic. 

W     NW    SW       N      S      NE 

Geographic region 

03 
<U 

W     NW    SW       N     S      NE 

Geographic region 

Not«:  Error ban rapraMnt on« ftandard diviMion. 

Figure 8.    Per capita land use for cities in classification groups (Concluded). 
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ATTN: COL A RAMSAY 

DEPARTMENT OF THE ARMY 

U S ARMY ATMOSPHERIC SCIENCES LAB 
ATTN: R SUTHERLAND 
ATTN: SLCAS-ARM MR RUBIO 

U S ARMY CORPS OF ENGINEERS 
ATTN:  DAEN-RrM R GOMEZ 
ATTN:  DR CHOROMOKOS DAENRDM 

U S ARMY CORPS OF ENGINEERS 
ATTN   LZIEGLER 
ATTN:  R BECKER 

U S ARMY ENGR WATERWAYS EXPER STATION 
ATTN:   LLINK 

U S ARMY MISSILE INTELLIGENCE AGENCY 
ATTN:  J GAMBLE 

U S ARMY NATICK RSCH DEV & ENGRG CENTER 
ATTN:   H M EL BISI 

U S ARMY STRATEGIC DEFENSE COMMAND 
ATTN DR J LILLY 
ATTN G EDLIN 
ATTN J VEENEMAN 
ATTN M CAPPS 
ATTN R BRADSHAW 

DEPARTMENT OF THE NAVY 

CNO EXECUTIVE PANEL 
ATTN CAP L BROOKS 

NAVAL RESEARCH LABORATORY 
ATTN:  RJEK 

NAVAL SURFACE WEAPONS CENTER 
ATTN:  K-44S MASTERS 

DEPARTMENT OF THE AIR FORCE 

AF/INYXC 
ATTN:  LTCaN BARRY 

AIR FORCE GEOPHYSICS LABORATORY 
ATTN 
ATTN 
ATTN 
ATTN 
ATTN 

D CHISHOLM 
LS/R MURPHY 
LSI/ H GARDINER 
LYC/R BANTA 
LYP H S MUENCH 

AIR FORCE INSTITUTE OF TECHNOLOGY/EN 
ATTN:  AFIT/ENP MAJ S R BERGGREN 

AIR FORCE OFFICE OF SCIENTIFIC RSCH 
ATTN:  DBALL 

AIR FORCE SPACE DIVISION 
ATTN: YNC CAPT K OBRYAN 

AIR FORCE TECHNICAL APPLICATIONS CTR 
ATTN:  J MARSHALL 

AIR FORCE WEAPONS LABORATORY 
ATTN 
ATTN 
ATTN 

CAPT LEONG 
J JANNI 
J W AUBREY,NTED 

BALLISTIC MISSILE OFFICE 
ATTN:  LTROTHCHILD 
ATTN:  MYSP/CAP TOMASZEWSKI 

DEPUTY CHIEF OF STAFF/XOX 
ATTN; AFXOX 
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STRATEGIC AIR COMMAND/XPXF 
ATTN   T BAZZOLI 

DEPARTMENT OF ENERGY 

ARGONNE NATIONAL LABORATORY 
ATTN:  H DRUCKER 
ATTN:   M WESLEY 

BROOKHAVEN NATIONAL LABORATORY 
ATTN:  BMANOWITZ 
ATTN   E WEINSTOCK 

DEPARTMENT OF ENERGY 
ATTN: I NEDDOW 
ATTN:  T HARRIS 

DESERT RESEARCH INSTITUTE 
ATTN:  J HALLETT 
ATTN:  J HUDSON 

LAWRENCE BERKELEY NATIONAL LAB 
ATTN:   H ROSEN 

LAWRENCE LIVERMORE NATIONAL LAB 

ATTN 
ATTN 
ATTN 
ATTN 
ATTN 

D WILLIAMS 
DIVG 449 KD BERGERON 
L TROST 
M D BENNETT 
ORG 332 RC BACKSTROM 

OTHER GOVERNMENT 

CENTRAL INTELLIGENCE AGENCY 
ATTN:  AWARSHAWSKY 
ATTN:  7E47 R NELSON 

FEDERAL EMERGENCY MANAGEMENT AGENCY 

ATTN CR MOLENKAMP 
ATTN C SHAPIRO 
ATTN FLUTHER 
ATTN GBING 
ATTN G SIMONSON 
ATTN J PENNER 
ATTN J POTTER 
ATTN L 10 A GROSSMAN 
ATTN L 262 A BROYLES 
ATTN L 262 J KNOX 
ATTN L 442 J BACKOVSKY 
ATTN L-453 L ANSPAUGH 
ATTN M MACCRACKEN 
ATTN N ALVAREZ 
ATTN R MALONE 
ATTN R PERROTT 
ATTN SGHAN 

LOS ALAMOS MATIONAL LABORATORY 
ATTN DSAPPENFIELD 
ATTN DR. D CAGLIOSTRO 
ATTN E J CHAPYAK 
ATTN E JONES 
ATTN E SYMBALISTY 
ATTN GGLATZMAIER/ESS 
ATTN GM SMITH 
ATTN L HAUER 
ATTN LCLOUTMAN 
ATTN PHUGES 
ATTN R MALONE 
ATTN T YAMATTA 

OAK RIDGE N/ SIGNAL LABORATORY 
ATTN D FIELDS 

SANDIA NATK )NAL LABORATORIES 
ATTN AL JOHNSON 
ATTN BZAK 
ATTN D DAHLGREN 
ATTN D FORDHAM 

ATTN B W BLANCHARD 
ATTN D BENSON NPCP MR 
ATTN D KYBAL 
ATTN H TOVEY 
ATTN J POWERS 
ATTN J RUMBARGER 
ATTN OFC OF RSCH/NP H TOVEY 
ATTN S ALTMAN 

GENERAL ACCOUNTING OFFICE 
ATTN A PIERCE 
ATTN P J BOLLEA 
ATTN VBIELECKI 

NASA 
ATTN NCRAYBILL 
ATTN W R COFER 

NASA 
ATTN RHABERLE 
ATTN OTOON 
ATTN R YOUNG 
ATTN T ACKERMAN 

NATIONAL BUREAU OF STANDARDS 
ATTN HBAUM 

U S ARMS CONTROL & DISARMAMENT AGC 
ATTN B DOENGES NWC DPA 
ATTN G PITMAN 
ATTN H SCHAEFFER 
ATTN R GODESKY 
ATTN RO'CONNaLNWCDPA 

U S HOUSE OF REPRESENTATIVES 
ATTN: CBAYER 
ATTN: COMM ON SC & TECH J DUGAN 

U S HOUSE OF REPRESENTATIVES 
ATTN: J FREIWALD 
ATTN:  M HERBST 

US DEPARTMENT AGRICULTURE 
ATTN:  DWARD 

DEPARTMENT OF DEFENSE CONTRACTORS 

AEROCHEM RESEARCH L/RS, INC 
ATTN:  DB OLSON 
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AERODYNE RESEARCH, INC 
ATTN   CKOLB 
ATTN:  JLURIE 

AEROJET ELECTRO SYSTEMS CO 

ATTN; 
ATTN: 

N JENSEN 
W LELEVIER 

ATTN A FVMAT 
ATTN DEPT 8612 S HAMILTON 
ATTN R PAN DEPT 4213 

AEROSPACE C ORP 
ATTN CRICE 
ATTN GLICHT 
ATTN L R MARTIN 

ANALYTIC SERVICES, INC (ANSER) 
ATTN R BROFFT 

AVCO CORPORATION 
ATTN: G GRANT, DEPT MGR 

BALL AEROSPACE SYSTEMS DIVISION 
ATTN: B GUMMING. 
ATTN: CBRADFORD 

BDM CORP 
ATTN: J LEECH 

BERKELEY RSCH ASSOCIATES, INC 
ATTN: SBRECHT 

BOEING AEROSPACE COMPANY 
ATTN: NGERONTAKIS 

CALIFORNIA RESEARCH & TECHNOLOGY, INC 

FACTORY MUTUAL RESEARCH CORP 
ATTN:  M A DELICHATSIOS 
ATTN:  R FRIEDMAN 

GENERAL ELECTRIC CO 
ATTN: RE SCHMIDT 

GENERAL RESEARCH CORP 
ATTN: B BENNETT 
ATTN: J BALTES 

HORIZONS TECHNOLOGY, INC 
ATTN:  RWLOWEN 
ATTN: WT KREISS 

HUGHES AIRCRAFT CO 
ATTN:  EDIVITA 

IIT RESEARCH INSTITUTE 
ATTN:  H NAPADENSKY 

INFORMATION SCIENCE, INC 
ATTN; WDUDZIAK 

INSTITUTE FOR DEFENSE ANALYSES 
ATTN 
ATTN 
ATTN 
ATTN 

C CHANDLER 
E BAUER 
FALBINI 
L SCHMIDT 

JOHNS HOPKINS UNIVERSITY 
ATTN; M ROSENBLATT 
ATTN; RGAJ 
ATTN; S KRUEGER 

CALSPAN CORP 
ATTN; RMAMBRETTI 
ATTN; R MISSERT 

ATTN 
ATTN 
ATTN 

M LENEVSKY 
R FRISTROM 
WBERL 

CARPENTER RESEARCH CORP 
ATTN;  HJ CARPENTER 

CHARLES STARK DRAPER LAB, INC 
ATTN: ATETEWSKI 

COLORADO STATE UNIVERSITY 
ATTN:  DKRUEGER 
ATTN: WCOTTON 

COMPUTER SCIENCES CORP 
ATTN: GCABLE 

DELTA RESEARCH, INC 
ATTN; LWEINER 
ATTN;  MRADKE 

DYNAMICS TECHNOLOGY. INC 
ATTN; DHOVE 

ENW INTERNATIONAL, LTD 
ATTN; JCANE 

EOS TECHNOLOGIES, INC 
ATTN; BGABBARD 

KAMAN SCIENCES CORP 
ATTN; P GRIFFIN 
ATTN;  PTRACY 

KAMAN SCIENCES CORP 
ATTN: E CONRAD 

KAMAN SCIENCES CORPORATION 
ATTN; DANDERSON 
ATTN; DASIAC 

KAMAN TEMPO 
ATTN B GAMBILL 
ATTN D FOXWELL 
ATTN DASIAC 
ATTN E MARTIN 
ATTN R RUTHERFORD 
ATTN R YOUNG 
ATTN S FIFER 
ATTN W KNAPP 

LOCKHEED MISSILES & SPACE CO, INC 
ATTN: J HENLEY 
ATTN JPEREZ 

LOCKHEED MISSILES & SPACF CO, INC 
ATTN: PDOLAN 
ATTN; WMORAN 
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M I T LINCOLN LAB 
ATTN:  SWEINER 

MARTIN MARIETTA DENVER AEROSPACE 
ATTN:  D HAMPTON 

MAXIM TECHNOLOGIES, INC 
ATTN;  J MARSHALL 

?CYS 
ATTN: 
ATTN 

MDORE 
R SMALL 

MCDONNELL DOUGLAS CORP 
ATTN:  TCRANOR 
ATTN: TTRANER 

MCDONNELL DOUGLAS CORP 
ATTN A MONA 
ATTN FSAGE 
ATTN G BATUREVICH 
ATTN J GROSSMAN 
ATTN RHALPRIN 
ATTN SJAEGER 
ATTN WYUCKER 

MERIDIAN CORP 
ATTN:  E DANIELS 
ATTN F BAITMAN 

MIDWEST RESEARCH INSTITUTE 
ATTN: JSKINSEY 

MISSION RESEARCH CORP 
ATTN:  R ARMSTRONG 

MISSION RESEARCH CORP 
ATTN CLONGMIRE 
ATTN DARCHER 
ATTN D KNEPP 
ATTN D SOWLE 
ATTN F FAJEN 
ATTN JBALL 
ATTN KRCOSNER 
ATTN RBIGONI 
ATTN R GOLDFLAM 
ATTN RHENDRICK 
ATTN TOLD 
ATTN W WHITE 

MITRE CORPO RATION 
ATTN J SAWYER 

NATIONAL INS iT. FOR PUBLIC POLICY 
ATTN K PAYNE 

NICHOLS RES EARCH CORP, INC 
ATTN H SMITH 
ATTN J SMITH 
ATTN M ERASER 
ATTN RBYRN 

PHOTOMEFRICS, INC 
ATTN:   I LKOFSKY 

PHYSICAL RESEARCH INC 
ATTN:   H FITZ 

PHYSICAL RESEARCH, INC 
ATTN DWESTPHAL 
ATTN DWHITENER 
ATTN H WHEELER 
ATTN RBUFF 
ATTN RDELIBERIS 
ATTN T STEPHENS 
ATTN W C BLACKWELL 

PHYSICAL RESEARCH, INC 
ATTN G HARNEY 
ATTN J DEVORE 
ATTN J THOMPSON 
ATTN R STOECKLY 
ATTN WSCHLUETER 

PHYSICAL RESEARCH, INC 
ATTN HSUGIUCHI 

POLYTECHNIC OF NEW YORK 
ATTN:  BJBULKIN 
ATTN   GTESORO 

PRINCETON UNIVERSITY 
ATTN: J MAHLMAN 

QUADRI CORP 
ATTN:  HBURNSWORTH 

R&D ASSOCIATES 

NOTRE DAME DU LAC, UNIV OF 
ATTN: T J MASON 

PACIFIC SIERRA RESEARCH CORP 

ATTN AKUHL 
ATTN D HOLLIDAY 
ATTN FGILMORE 
ATTN GJONES 
ATTN J SANBORN 
ATTN RTURCO 

R&D ASSOCIATES 
ATTN:  BYOON 

RADIATION RESEARCH ASSOCIATES 
ATTN:  B CAMPBELL 
ATTN:  M WELLS 

RAND CORP 
ATTN GLDONOHUE 
ATTN P DAVIS 
ATTN P ROMERO 

RAND CORP 
ATTN:  BBENNETT 
ATTN J GERTLER 

INC 

2CYS ATTN 
ATTN 
ATTN 

BWBUSH 
GANNO 
H BRODE, CHAIRMAN SAGE 

ROCKWELL INTERNATIONAL CORP 
ATTN: JKELLEY 
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SCUBED 
ATTN B FREEMAN 
ATTN KDPYATT, JR 
ATTN RLAFRENZ 

SCIENCE APPLICATIONS INC 
ATTN   REDELMAN 

SYSTEMS AND APPLIED SCIENCES CORP 
ATTN    M KAPLAN 

TECHNOLOGY INTERNATIONAL CORP 
ATTN   WBOQUIST 

TELEDYNE BROWN ENGINEERING 

SCIENCE APPLICATIONS INTL CORP 
ATTN: CHILL 

SCIENCE APPLICATIONS INTL CORP 
ATTN   B MORTON 
ATTN B SCOTT 
ATTN D SACHS 
ATTN DR M MCKAY 
ATTN GT PHILLIPS 
ATTN J BENGSTOM 
ATTN M DRAKE 
ATTN DHAMLIN 

SCIENCE APPLICATIONS INTL CORP 
ATTN D BACON 
ATTN DRLGOURE 
ATTN FGIESSLER 
ATTN J COCKAYNE 
ATTN J SHANNON 
ATTN J STUART 
ATTN M SHARFF 
ATTN W LAYSON 

ATTN 
ATTN 
ATTN 

AORTELL 
F LEOPARD 
JFORD 

TELEDYNE BROWN ENGINEERING 
ATTN:   DGUICE 

TEXAS ENGR EXPERIMENT STATION 
ATTN:  W H MARLOW 

TOYON RESEARCH CORP 
ATTN: C TRUAX 
ATTN: J GARBARINO 
ATTN; JISE 

SCIENCE APPLICATIONS INTL CORP 
ATTN: JSONTOWSKI 

SCIENCE APPLICATIONS INTL CORP 
ATTN: T HARRIS 

SCIENTIFIC RESEARCH ASSOC, INC 
ATTN:  B WEINBERG 

SCIENTIFIC SERVICES, INC 
ATTN:  C WILTON 

SRI INTERNATIONAL 
ATTN: CW1THAM 
ATTN: DGOLDEN 
ATTN: DMACDONALD 
ATTN: DROBERTS 
ATTN: E UTHE 
ATTN: GABRAHAMSON 
ATTN: JBACKOVSKY 
ATTN: WCHESNUT 

SRI INTERNATIONAL 
ATTN RBRAMHALL 
ATTN R WOOLFOLK 
ATTN W VAILSTAN MARTIN ASSOCIATES 
ATTN SB MARTIN 

PLANNING CORP 
ATTN B GARRETT 
ATTN C FELDBAUM 
ATTN J SCOURAS 
ATTN M BIENVENU 
ATTN R SCHEERBAUM 

TRW ELECTRONICS & DEFENSE SECTOR 
ATTN: M HAAS 

TRW INC 
ATTN:  FFENDELL 
ATTN. G KIRCHNER 
ATTN: HCROWDER 
ATTN: JFEDELE 
ATTN:  M BRONSTEIN 
ATTN; RBACHARACH 
ATTN: SFINK 
ATTN; T NGUYEN 

TRW SPACE AND DEFENSE 
ATTN: HBURNSWORTH 
ATTN; J BELING 

VISIDYNE, INC 
ATTN:  H SMITH 
ATTN: JCARPENTER 

DIRECTORY OF OTHER 

ATMOS. SCIENCES 
ATTN: GSISCOE 

BROWN UNIVERSITY 
ATTN; RK MATTHEWS 

BUCKNELL UNIVERSITY 
ATTN; 0 ANDERSON 

CALIFORNIA, UNIVERSITY OF 
ATTN;  L BADASH/DEPT OF HISTORY 

COLORADO, UNIVERSITY LIBRARIES 
ATTN; J BIRKS 
ATTN; R SCHNELL 

DREXEL UNUVERSITY 
ATTN; J FRIEND 

DUKE UNIVERSITY 
ATTN; FDELUCIA 
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GEORGE MASON UNIVERSITY 
ATTN   PROFS SINGER 
ATTN   R EHRLICH 

GEORGE WASHINGTON UNIVERSITY 
ATTN   RGOULARD 

GEORGIA INST OF TECH 
ATTN   E PATTERSON 

HARVARD COLLEGE LIBRARY 
ATTN:  W PRESS 

HARVARD UNIVERSITY 
ATTN:   DEARDLEY 

IOWA, UNIVERSITY OF 
ATTN:  HISTORY DEPT/SPYNE 

MARYLAND UNIVERSITY OF 
ATTN 
ATTN 
ATTN 

A ROBOCK DEPT METEORLGY 
A VOGELMANN DEPT METEORtJY 
R ELLINGSON DEPT METEORl JY 

MIAMI LIBRARY UNIVERSITY OF 
ATTN: CCONVEY 

MIAMI UNIV LIBRARY 
ATTN   J PROSPERO ATMOS SC 

NEW YORK STATE UNIVERSITY OF 
ATTN:   RCESS 

OAK RIDGE ASSOCIATED UNIVERSITIES 
ATTN: C WHITTLE 

PENNSYLVANIA STATE UNIVERSITY 
ATTN:  DWESTPHAL 

SOUTH DAKOTA SCH OF MINES & TECH LIB 
ATTN:  HORVILLE 

TENNESSEE, UNIVERSITY OF 
ATTN:  K FOX 

UNIVERSITY OF SOUTH FLORIDA 
ATTN: SYING 

UNIVERSITY OF WASHINGTON 
ATTN: C LEOVY 
ATTN: L RAOKE 
ATTN: P HOBBS 

VIRGINIA POLYTECHNIC INST LIB 
ATTN:  M NADLER 

WASHINGTON STATE UNIVERSITY 
ATTN:  DRACURK 

WISCONSIN UNIVERSITY OF 
ATTN:  PWANG 
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